The objective of the present study was to investigate the correlation between the radical--scavenging properties (measured by evaluating the quenching of the stable 2,2-diphenyl--1-picrylhydrazil radical) of Serbian, Macedonian and Montenegrin red wine Vranac of different geographical origins, and their contents of total phenolics, total flavonoids and polyphenol profile. All tested Vranac wines samples showed a high antioxidant activity ranging from 13.00 to 15.02 mmol/L, while the total polyphenolic content was between 3478.70 and 3935.19 mg/L. The predominant anthocyanin was malvidin-3-glucoside (179.04-281.31 mg/L), predominant flavonol was quercetin-3-glucoronide (5.88-11.78 mg/L), predominant flavan-3-ol was catechin (24.43-76.78 mg/L) and predominant hydroxycinnamic acid was t-caftaric acid (13.46-38.56 mg/L). Generally, red wines Vranac produced from Balkan regions are rich source of phenolics, which the evident antioxidant capacity showed.
ives, flavan-3-ols, flavonols and anthocyanins. A lot of effort has been put into the analysis of red wine polyphenols, and the relationship between polyphenolic content and antioxidant activity. The antioxidant properties of red wines have been correlated with their content in total polyphenols [5, 6] , anthocyanins [7] and hydroxicinnametes [8] . Red wines contain significantly higher amounts of total polyphenols compared to white wines.
Vranac is a variety of red grapes cultivated in Serbia, Montenegro and Macedonia used in the production of high quality wines. In this study, we evaluated the antioxidant activity of 9 Vranac wines produced from different agronomical and winemaking regions, and their correlation with the total phenolics and flavonoids.
MATERIALS AND METHODS

Chemicals
Standards of catechin, epicatechin, quercetin, myricetin and the phenolic acid standards, such as gallic, ferulic, p-coumaric and caffeic acids, were purchased from Sigma Chemicals Co. (St. Louis, Mo). Malvidin-3--glucoside was purchased from Extrasynthèse (e, France). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was purchased from Sigma-Aldrich (Steinheim, Germany). 6-Hydroxy-2,5,7,8-tetramethylchromancarboxylic acid (Trolox) and Folin-Ciocalteu's phenol reagent were obtained from Merck (Darmstadt, Germany). Other chemicals and solvents were of analytical grade.
Wine samples
Nine Vranac wines, produced from three different Balkan countries (Serbia, Macedonia and Montenegro) originating from different wine regions were taken after production from the wineries ( Table 1) .
Determination of total phenolic content (TPC)
The total phenolic content of wines was determined by the Folin-Ciocalteau method [9] using gallic acid as the standard. One milliliter (diluted 1:100 with methanol) of red wines was added to a 25 mL volumetric flask filled with 9 mL deionised water. A reagent blank using deionized water sample was prepared, too. Folin--Ciocalteau phenol reagent (0.5 mL) and 5 mL of 5% sodium carbonate solution was immediately diluted to 25 mL with deionized water and mixed thoroughly. The absorbance was measured at 765 nm by a UV-Vis spectrophotometer (Agilent, Santa Clara, CA USA) after incubation for 1 h in dark at room temperature. The quantification was based on the calibration curve generated by the gallic acid standard solutions, and the content was expressed as mg gallic acid equivalent (GAE)/L of wine. All samples were analyzed in triplicate.
Determination of total flavonoid content (TFC)
The measurement of the total flavonoid content in the investigated wines has been determined spectrometrically [10] , using a method based on the formation of complex flavonoid-aluminium. 0.5 mL (diluted 1:50 with methanol) of wine has been placed in 10 mL volumetric flask, and 5 mL of deionised water and 0.3 mL of 5% NaNO 2 have been added and mixed. After 5 min, 0.6 mL of 10% AlCl 3 •6H 2 O was added. Two milliliters of 1 mol/L NaOH were added 5 min later, and the volume was then made up to 10 mL with deionised water. The solution was mixed well and the absorbance was measured immediately at 510 nm. The flavonoid contents were calculated using a standard calibration curve, prepared from (+)-catechin.
Free radical scavenging activity
The DPPH radical scavenging method [11] has been based on the reduction of DPPH radicals in the presence of a hydrogen donating antioxidants in methanol solution. DPPH radical solution showed an absorption band at 515 nm and was of intensively violet color. The absorption and color intensity decreased when DPPH was reduced by an antioxidant compound. The remaining DPPH radical corresponded inversely to the radical scavenging activity of the antioxidant. Each wine was diluted 1:10 with methanol immediately before the analysis. In the test tubes, 0.2 mL of samples was added to 4.8 mL of DPPH solution (5.2×10 -6 mol/L in methanol) and the mixture was well mixed. The absorbance at 515 nm was measured at 30 min against a blank (0.2 mL methanol and 4.8 mL DPPH solution in methanol). All determinations were performed in triplicate.
The radical scavenging capacity (RSC) expressed in percentage was calculated by the following equation [12] :
The chart of the remaining DPPH concentration against the concentration of Trolox in the standard samples was used to calculate the total antioxidant activity (TAA) of the wines.
Performance liquid chromatography (HPLC-DAD) analysis of individual phenolic compounds
The concentration of individual anthocyanins, flavonols, flavan-3-ols and hydroxycinnamic acid was determined by HPLC, employing a direct-injection method [13, 14] . The equipment used was an HPLC Agilent-1200 series with UV-Vis DAD for multi wavelength detection and fluorescence detection for acquisition of the emission response. The column was thermostated at 30 °C. After injecting 5 μL of sample, the separation was performed in an Agilent-Eclipse XDB C-18 4.6•150 mm column. Two solvents were used for the gradient elution: A -(H 2 O+5%HCOOH) and B -(80% CAN + 5% HCOOH + H 2 O). The elution program used was as follows: from 0 to 10 min 0% B, from 10 to 28 min gra- 
Statistical analysis
The experiments were reported at least 3 times, and the data were analyzed statistically. All results were given as mean ±standard deviation (SD). Statistical analysis was done by one-way analysis of variance (ANOVA), and significant differences between the results were determined by Duncan's multiple range test. The differences were considered significant at p < < 0.05. Relationships between phenolic compound contents and antiradical efficiency were established using the Pearson correlation test (p < 0.05).
RESULTS AND DISCUSSION
Spectrophotometric analysis the content of polyphenols and flavonoids in Vranac wine samples
The results of the determination of total phenolic content in Vranac wine samples from different Balkan wine-producing regions by Folin-Ciocalteu method are presented in Table 2 . The total phenolic content varied from 3478.70 to 3935.19 mg GAE/L (averaging 3729.90 mg GAE/L). There is a significant difference in the total phenolic content between the wines made of Vranac grape from different wine-producing regions of the Balkans. Wines from Montenegro have the highest level of total polyphenols (3830.32 mg GAE/L), as opposed to Macedonian (3808.20 mg GAE/L) and Serbian ones (3551.43 mg GAE/L). The total phenolic content of Vranac (Subotica, Serbia) and Vranac (Kruševac, Serbia) was significantly lower from the others (p < 0.05). Significant differences were found in the total phenolic content in comparison between "Crnogorski vranac" and "Crmnički vranac-Barrique" (p < 0.05); however, significant differences in total phenolic content were not found between Crnogorski vranac and "Vranac-Pro corde". Also, significant differences were found in the total phenolic content in comparison between "Tga za jug" (Macedonia) and Vranec (Negotino, Macedonia); however, significant differences in the total phenolic content were not found between Vranec (Negotino, Macedonia) and Vranec (Skovin, Macedonia). It is well known that genetic and agronomic or environmental factors play important roles in the phenolic composition and thus nutritional quality of crops. The mean concentration of the phenolic content of wine Vranac from the Balkan region was 3729.9 mg GAE/L. Our values for red wine are in the range of values determined by other authors. Majo et al. [19] measured 2360-3730 mg GAE/L for Sicilian red wines. Lucena et al. [4] measured 3200-5900 mg GAE/L for Brazilian red wines. But, Anli and Vural [20] measured lower values, 1070-2410 mg GAE/L, for Turkish red wines.
Total flavonoids of the Vranac wines were measured ( Table 2 ). The Vranec (Negotino, Macedonia) showed the highest flavonoid content (2630.22 mg CE/L), followed by Vranac-Pro Corde, Crnogorski vranac and Crmnicki vranac-Barrique. The flavonoid content of wine samples 4, 5 and 6 (Macedonia) was significantly different from samples 1 and 2 (Serbia), p < 0.05. However, significant differences in the total flavonoid content were not found in comparison among sample 3 (Serbia) and samples 4-9. Only 1.14-fold difference in the in total flavonoid content was found between the highest and the lowest ranked wine samples, Vranec (Negotino, Macedonia) and Vranac (Kruševac, Serbia). 
Total antioxidant activity of Vranac wines using the DPPH scavenging assays
The radical scavenging activity was evaluated by measuring the scavenging activity of the examined red wine samples on 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals. All results of antioxidant analysis are summarised in Table 2 . The investigated wines showed antioxidant behavior in the range from 74.40 to 86.12%. The percentage for Cabernet Sauvignon wines from the Balkan region was 71.30-83.53% [21] . The percentage for Croatian red wines was 54.6-82.6% [22] . Significant differences were found in the radical scavenging activity when comparing all samples (except for sample 3 and samples 6 and 8, and between samples 7 and 9)
Total antioxidant activity (TAA) of the Vranac wines, expressed in mmol of Trolox equivalent per L of red wine is shown in Table 2 . Crnogorski vranac had the highest antioxidant activity (15.02 mmol TE/L), followed by Vranac-Pro Corde (14.79 mmol TE/L) and Vranec, Skovin, Macedonia (14.50 mmol TE/L).
TAA values of the Vranac wines from the Balkan region analyzed in this study were in the range obtained from red wines from other wine-producing countries such as Italy (7.8-19.8 mmol TE/L, [23] ), Spain (4.65-17.41 mmol TE/L, [24] ) and South Africa (9.51-12.30 mmol TE/L, [25] ).
The wines containing high total phenolic contents had higher antioxidant activities. The present study reveals a very strong correlation between the total antioxidant activity and total phenolics (R 2 = 0.97). Also, a very good correlation between the total flavonoid content, and antioxidant activity (R 2 = 0.85) of the tested Vranac wine samples was confirmed.
HPLC Analysis
For a better description of Vranac red wine from the Balkan region, the profile of individual polyphenolic compounds were studied. In order to separate and determine individual phenolic compounds present in 9 wine samples from different geographical regions, HPLC method was applied.
The content and the distribution of anthocyanins in Vranac wine samples
The total of 12 phenolics compounds was identified as anthocyanins due to the information provided by their UV-Vis spectra. This primary information differentiated 5 glucosylated anthocyanins (λ maximum at 520 nm): delphinidin-3-O-glucoside, cyanidin-3-O-glucoside, petunidin-3-O-glucoside, peonidin-3-O-glucoside and malvidin-3-O-glucoside: and 7 acylglucosylated anthocyanins: cyanidin-3-acetylglucoside, petunidin-3-acetylglucoside, peonidin-3-acetylglucoside, malvidin-3-acetylglucoside, petunidin-3-p-coumaroylglucoside, peonidin-3-p-coumaroylglucoside and malvidin-3-p--coumaroylglucoside.
Certain quantitative differences in anthocyanins between wine samples were presented in Table 3 . The total content of anthocyanins varied from 298.39 (Vranac, Kruševac, Serbia) to 448.82 mg/L (Crnogorski vranac, Montenegro). The wines from Montenegro have the highest level of total anthocyanins (mean 408.38 mg/L), as opposed to Macedonian (mean 381.69 mg/L) and Serbian ones (mean 334.14 mg/L). Malvidin-3-O--glucoside, which is responsible for the blue-red color of wines, was the most abundant anthocyanin and its concentration was dependent on winemaking, whereas low concentrations (10 to 20 time lower that malvidin-3-O-glucoside) of delphinidin-3-O-glucoside, petunidin-3-O-glucoside and peonidin-3-O-glucoside were detected. Malvidin-3-O-glucoside content ranged from 179.04 to 281.31 mg/L. Cyanidin-3-O-glucoside was the anthocyanin present in the lowest amounts (2.98-9.15 mg/L). The values are within the range reported for red wines by other researchers [26, 14, 27] .
Quantitatively, the content of glucosided anthocyanins was predominant in the investigated Vranac wines (mean amount of content was 310.82 mg/L -from 246.74 to 378.07 mg/L), followed by the content of acetylated ones (mean amount was 45.70 mg/L -from 37.47 to 53.69 mg/L) and the content od p-coumarylated ones (mean amount was 18.21 mg/L -from 14.18 to 22.14 mg/L).
The acetylated forms were mainly detected in wines produced through cryo-macetation, delestage, prolonged maceration and traditional technology [27] . Acelylated malvidin-3-glucoside was the main compound. In our case, malvidin-3-acetylglucoside varied from 67.6 to 92.2% with respect to total acetyl derivatives.
The coumarolated anthocyanin fraction in Vranac wines was composed of only three anthocyanin coumarates (malvidin-3-p-coumaroylglucoside, peonodin-3-p-coumaroylglucoside and petunidin-3-p-coumaroylglucoside). The most predominant p-coumaroyl derivative was malvidin-3-p-coumaroylglucoside which accounted for 77.5% (from 53.8 to 84.8%) of total p-coumaroyl derivative content. The importance of coumarylated forms is related to sensory analysis.
Another point worth mentioning is that the order of abundances based on average value of distribution for each anthocyanin was the following (Table 3) :
Mvgl > Mvgl-ac > Ptgl > Pngl >Mvgl-p-coum >Dpgl, for Vranac wines produced in Serbia;
Mvgl > Mvgl-ac > Ptgl ≈ Pngl > Dpgl > Mvgl-p-coum, for Vranac wines produced in Montenegro;
Mvgl > Mvgl-ac > Pngl > Ptgl >Dpgl >Mvgl-p-coum, for Vranac wines produced in Macedonia. According to the wine sample results, it is obvious that the content of anthocyanin constituents of single--cultivar wines coming from different viticulture regions and wine producers were different, which may be related to the thickness of the grape skin, the climate in which the grape was grown, the degree of ripeness of the grape, the application of different vinification techniques and the wines ages [21, 28] .
The content of flavonols, flavan-3-ols and hydroxycinnamic acids in Vranac wine sample
The concentrations of flavonols, flavan-3-ols and hydroxycinnamic acids determined by HPLC in the investigated wine samples are shown in Table 4 .
The main flavonol was quercetin-3-glucoronide, followed quercetin in second and third place, respectively, Table 4 . Amount of flavonols (1) (2) (3) (4) (5) , hydroxycinnamic acids (6) (7) (8) (9) (10) (11) and flavan-3-ols (12) (13) (14) in wine samples; (1) 
myricetin-3-glucoside; (2) quercetin-3-glucoside; (3) quercetin-3-glucoronide; (4) myricetin; (5) quercetin; (6) t-caftaric acid; (7) GRP; (8) t-coutaric acid; (9) caffeic acid; (10) p-coumaric acid; (11) ferrulic acid; (12) catechin; (13) procyanidin dimer B2; (14) epicatechin. Results are presented with mean (n = 3) and expressed in mg/L of wine
Cmpd.
Sample No. [29] ) and are in agreement with values obtained from Italian red wines (2.8--28.5 mg/L and 0.6-9.6 mg/L, respectively [23] ). Variations in flavonol content of individual wines may be explained by several factors. It has long been known that the increased biosynthesis of polyphenols, especially flavonols, is greatly influenced by sunlight exposure and temperature, so it would be normally exp- Hydroxycinnamic acids and their tartaric acid derivatives have been monitored at 320 nm, since is their characteristic wavelength, together with GRP (grape reaction product or 2-5-glutathionyl-t-caftaric acid). GRP is the product of the reaction between caftaric acid and glutation, which, as can be observed, is only detectable in the wine and not in the grape skins [14] .
The predominant hydroxycinnamic acid was t-caftaric (13.46-38.56 mg/L), followed by t-coutaric (2.45--17.62 mg/L), caffeic (1.55-6.95 mg/L) and p-coumaric (1.32-3.96 mg/L). Ferulic acid was the hydroxycinnamic acid present in the lowest amounts ( 0.62-3.62 mg/L) in the Vranac wines from Serbia and Montenegro. p-Coumaric acid was the hydroxycinnamic acid present in the lowest amount (1.03-2.39 mg/L) in Vranac wines from Macedonia. There is a significant difference in the total hydroxycinnamic acid content between wines made of Vranac grape from different wine-producing regions of the Balkans. Wines from Macedonia have the highest average level of total hydroxycinnamic acids (53.12 mg/L), as opposed to Serbian (46.77 mg/L) and Montenegran ones (37.08 mg/L).
Many studies on the health benefits studies of red wine have been linked to the catechin content. Catechins possess antioxidant properties [20] and exert a more potent antioxidant effect than flavonols and polymeric anthocyanidins [30] . During vinification, only a portion of catechins and procyanidins is extracted from seeds and is diffused to wine [31] . The use of fluorescence detector has allowed increasing selectivity and sensitivity for the determination of the concentration of catechin and epicatechin in addition to other phenolic compounds [32] . Catechin, epicatechin, and procyanidin dimer (B2) were identified by fluorescence detector in wine samples (Fig. 4) . The relative amounts of catechin, epicatechin and procyanidin B2 (three flavan-3-ols compounds) were the highest in 
PCA Analysis
The large number of the data which are the results of anthocyanin, flavanols, hydroxycinnamic and flavan-3-ols analysis of vranac wine samples, was reduced using PCA analysis regarding to make easily interpretation of the experimental data. According to such a plot, it is possible to classify Vranac wine samples by their geographical origin.
One of the main objectives of PCA is to identify factors that are substantially meaningful. Experimental data were set in matrix with dimensions 9×26. Using latent root (eigenvalue) criteria [32] , as a result of PCA calculations, 6 new variables were obtained which were characterized by consecutive eigenvalues 7.71 (29.6%), 6.16 (23.69), 4.34 (16.68%), 3.38 (13.01%), 1.74 (6.71%), 1.37 (5.28%). Two first PCs account 53.30% of the total variance. Taking into account that the first two components show high percentage of the total variance (50%), the distribution of wine samples is illustrated in two-dimensional plot of PC1 versus PC2.
As illustrated in Fig. 1 , it is possible to separate three groups of samples what is according to their geographical origin. They are differenced because of their content of individual phenolic compounds. Vranac wine samples with low concentrated of the analyzed phenolic compounds are located on the left side of the plot, but samples rich in phenolic compounds, can be found on the opposite side.
The behavior of variables on the PC1 and PC2 is shown in Figure 2 . Also, the loadings and communality of each phenolic compound are given in Tables 5 and 6 . The loading were large for cyanidin-3-acetylglucoside (6), petunidin-3-acetylglucoside (7), peonidin-3-acetylglucoside (8), myricetin-3-glucoside (13) The classification of the Vranac wine samples from the view point of phenolic compounds was also made using two (Fig. 3) and three way PC score graphs (Fig.  4) . The PC 1-2 and PC 1-2-3 graph shows the highest percentage of total variance of 53.30 and 69.99%, respectively. It can be seen from the PC 1-2 and PC 1-2-3 graph that the vranac wine sample can be classified into three groups. These groups include: Vranac-SS, Vranac-KS and Vranac-AS (group 1), Pro Corde and Barrique (group 2) and Vranac-NM, Vranac-TM, Vranac-SM and Crnogorski Vranac (group 3).
CONCLUSIONS
In recent years, phytochemicals, especially phenolics, have attracted increasing attention for their anti- oxidant activities. Wines provide phenolic antioxidant, which contribute to their potential health benefits. This work has shown that the phytochemicals present in wines produced in the Balkan region have potent antioxidant activities and that the antioxidant activity in wines is positively correlated with total phenolic content. Red wines produced in Montenegro were found high in anthocyanins and flavonols. Also, red wines from Serbia and Macedonia were good source of hydroxycinnamic acids. From the obtained results, we can conclude that the content of phenolic compounds in the single-cultivar investigated wines (Vranac) depends most of all on agroclimatic factors and genological practices of the particular Balkan vineyard producing wine.
